In normal glandular tissue a specialised form of extracellular matrix, the basement membrane, separates epithelial cells from the underyling stroma. In benign breast disease and carcinoma in situ, basement membrane is preserved, but is partially or completely lost in invasive carcinoma of the breast (Siegel et al., 1981) . Basement membrane contains laminin, heparan sulphate proteoglycan and type IV collagen and other extracellular matrix components. The degradation of type IV collagen may be a prerequisite for metastasis formation.
Matrix metalloproteases are a family of highly homologous proteolytic enzymes involved degradation of basement membrane. Each member has a different substrate specificity. Matrix metalloprotease-l (MMP-1) degrades interstitial collagen, stromelysin (MMP-3) degrades proteoglycans, whilst the two type IV collagenases of molecular weights 72 kDa (MMP-2) and 92 kDa are capable of degrading type IV collagen, gelatin and fibronectin (Liotta & StetlerStevenson, 1991) . Type IV collagenases are secreted in an inactive proenzyme form and activation results from the removal of an 80 amino acid sequence from the N-terminus (Stetler-Stevenson et al., 1989) . This can be achieved in vitro by treatment with trypsin or organomercurials but the precise sequence of events required for activation in vivo is unknown. Matrix metalloproteinases and other proteolytic enzymes such as cathepsins and plasminogen activating factors may be involved (Yagel et al., 1989; Goldberg et al., 1990; Ward et al., 1991) .
There is much experimental evidence linking type IV collagenase expression with the metastatic phenotype. Increasing tumour cell secretion of type IV collagenase by transfecting with oncogenes, or by clonal selection, enhances their metastic behaviour in experimental animals and their ability to invade a reconstituted basement membrane in vitro (Garbisa et al., 1987 (Garbisa et al., , 1988 . Similarly, decreasing type IV collagenase activity by tissue inhibitor of metalloprotease, TIMP, reduces the metastatic capacity of tumour cells in animal models (Alvarez et al., 1990; DeClerk et al., 1992) .
Several recent studies have reported type IV collagenases in human tumour biopsies. The 72 kDa enzyme was found in neoplastic, but not normal, colonic epithelia by immunohistochemical methods (Levy et al., 1991) . Pyke et al. (1992) , demonstrated expression of mRNA for the 72 kDa enzyme by fibroblasts adjacent to tumour cell islands in basal and squamous cell carincoma, but found no expression in the tumour cells. This same study demonstrated mRNA for the 92 kDa enzyme by macrophages and some tumour cells in skin tumours, but not in normal skin. Previous studies of type IV collagenase expression in human breast neoplasms have been restricted to immunohistochemical studies using polyclonal (Daidone et al., 1991; Monteagudo et al., 1990) antisera to the 72 kDa type IV collagenase. These studies demonstrated that 72 kDa type IV collagenase was expressed in both normal and malignant breast biopsies, chiefly by the myoepithelial cells (Daidone et al., 1991; Monteagudo et al., 1990) . The disadvantage of immunohistochemistry is that while it gives useful information concerning the localisation of enzymes, levels cannot be accurately quantified. It (Elston, 1984) . A 5 gm thick section was cut from a face area of each tumour. Samples were homogenised in 501AI of SDS-PAGE sample buffer containing glycerol (10% v/v) SDS (1% w/v) and bromophenol blue using treff microhomogenisers (Scott Lab). Adjacent sections were cut and used for protein estimation, immunohistochemistry and in situ hybridisation. Sections were cut at varying depths in the block to assess reproducibility of zymography.
Gelatin zymography Gelatinolytic zymography was performed as described by Brown et al., 1990 . This technique can distinguish between the 72 and 92 kDa type IV collagenases. Additionally, the method can detect the inactive proforms of collagenases because SDS causes activation of the enzymes without proteolytic cleavage of the inhibitory N-terminal sequence (Birkedal-Hansen & Taylor, 1982) . Homogenised samples (50 pl) were applied directly without heating or reduction to a 5% w/v stacking polyacrylamide gel laid over an 11% (w/v) polyacrylamide gel containing 1 mg ml-' gelatin and 0.1% (w/v) SDS. Gels were run at room temp at 180 V for 3.5 h. After incubation of gels in 2.5% Triton X-100 for 30 min to remove SDS, the gels were incubated for 16 h at 37°C in 50 mM Tris-HCI, pH 7.6 containing 0.2 M NaCI, 5 mM CaC12 and 0.02 w/v Brij-35. Gels were stained for 3 h in 30% methanol/10% glacial acetic acid containing 0.5% (w/v) Coomassie Brilliant Blue G 250 and destained in the same solution in the absence of dye.
The amount of collagenase present affects not only the intensity of the band produced but also the size of the band. Conventional linear densitometric analysis is therefore inadequate for assessment of collagenolytic activity. We have used computer assisted image analysis to overcome this problem.
Images of wet gels were captured using a Sony DXC-1SiP video camera connected to capture hardware/software (Screen Machine/SM-camera). NIH Image 1.43 software equipped with gel plotting macros was used to measure the integrated density of each band. Conditioned media from human melanoma RPMI 7951 cells and from TPA stimulated HT1080 fibrosarcoma cells were used as type IV collagenase standards Weinberg et al., 1990) . RPMI 7951 constituitively secretes 72 kDa type IV collagenase and the activity (Lane 1, Figure 1 ) present in 20 iLl of conditioned media (as detected by zymography) was defined as 100 arbitrary units of type IV procollagenase.
Conditioned media from TPA stimulated HT 1080 fibrosarcoma cells also contained 72 kDa procollagenase (Lane 2, Figure 1 ). In addition to the activated forms of this enzyme (59 kDa/62 kDa doublet). HT-1080 cells also expressed the 92 kDa type IV collagenase (Lane 1, Figure 1 ) and the activity contained in 20 jil of conditioned media was defined as 100 arbitrary units of this enzyme. The resolution of 11% acrylamide gels is insufficient to distinguish between the proform of 92 kDa type IV collagenase and its 81 kDa activated form.
Protein estimation Single 5 ym cryostat sections from each tumour were homogenised in 1% (w/v) SDS and diluted 10-fold in water before measuring protein content against bovine serum albumin using a Bio-Rad protein assay reagent (Bradford, 1976) .
In situ hybridisation Antisense 72 kDa and 92 kDa was generated from the pGEM3-72K and pGEM3-92K (kindly provided by British Biotechnology, Oxford, UK) using the relevant RNA polymerase (Promega Biotech, Madison, USA). The negative control was sense RNA generated from the same vector linearised in the opposite direction. In vitro transcriptions were performed using Promega Biotech transcription kits to incorporate 35S-UTP (Amersham International SJ 1303). Restriction enzymes were all obtained from Pharmacia.
In situ hybridisation was carried out on cryostat sections as in Naylor et al., 1990 .
Immunohistochemistry A sheep polyclonal antibody to Mr 92 kDa collagenase was a generous gift of Dr Gillian Murphy, Strangeways Laboratory, Cambridge. This antibody has been extensively characterised (Murphy et al., 1989) . Following blocking in normal rabbit serum, the primary antibody was applied in a 1/200 dilution. The second layer was peroxidase conjugated rabbit anti-goat (Dakopatts) which had been pre-absorbed in normal human serum. Sections were developed using 0.01% H202/Diaminobenzidine-tetrachloride and counterstained with Mayer's haemotoxylin. Parallel runs omitting the primary antibody were included as a negative control in all cases.
TPA-treated HT-1 080 conditioned medium RPMI-7951 conditioned medium . (Table II) . Figure I shows an example of zymograms from ten cases of primary breast cancer (lanes A-J). All of these tumours express the Mr 72kDa type IV procollagenase. These activities ranged from 4.2 U (sample F) to 37.9 U (sample A). Levels of the Mr 62 kDa enzyme varied between OU (sample F) to 26.2 U (sample A). Considerable variation was observed in the levels of the Mr 92/81 kDa enzyme (185.4 U sample C to OU samples, D,E,F,G).
Localisation of type IV collagenase expression
Further experiments were carried out to localise these enzymes in the tumour tissue. Figure 2a shows the location of the 92 kDa collagenase mRNA in a grade III ductal carcinoma. mRNA expression was seen in collections of elongated spindle shaped cells lying within tumour stroma. These cells were of fibroblast or macrophage morphology. The signals were particularly strong in stroma adjacent to foci of ductal carcinoma in situ. Protein expression was also confirmed in adjacent sections using a polyclonal antibody to the 92 kDa form of the enzyme. Distribution of protein was shown to be similar to that of the mRNA (Figure 2b ). As well as stromal distribution within spindle shaped cells, 92 kDa mRNA and protein was also identified in putative myoepithelial cells in some areas of ductal carcinoma in situ adjacent to the invasive carcinoma (Figure 2c and d (Hibbs et al., 1987; Welgus et al., 1990 ) and this activity is affected by, for example, treatment with LPS or concanavalin A. The tissue location of macrophages also affects the extent to which they express this enzyme, but the precise control mechanisms and mediators operating in vivo have not yet been elucidated. Expression of the 72 kDa type IV collagenase by fibroblasts in vitro and in vivo is well documented (Seltzer et al., 1981; Goldberg et al., 1986; Ballin et al., 1988 ) but they do not secrete the 92 kDa enzyme under normal conditions. However SV40 transformed fibroblasts do secrete the 92 kDa enzyme (Wilhelm et al., 1989) and we speculate that fibroblasts may be induced to express this enzyme by tumour derived factors.
The control of type IV collagenase secretion by cytokines and growth factors is poorly defined. TGF-P1 increases secretion of both the 72 kDa and 92 kDa enzymes in tumour cells and fibroblasts (Overall et al., 1989; Weinberg et al., 1990; Welch et al., 1990 ) and TNF-a has been reported to increase the secretion of the 92 kDa enzyme, but not the 72 kDa type, by tumour cells (Brenner et al., 1989; Okada et al., 1990 (Monteagudo et al., 1990 protein synthesis. Activation is also blocked by inhibitors of matrix metalloproteinases (Ward et al., 1991) . We need to understand further the activation process of the 72 kDa enzyme in order to explain our finding that this occurs more readily in tumours of higher histological grade. Investigations of the microenvironment of breast tumours, particularly in terms of endogenous cytokine/growth factor production, are also required to understand control of type IV collagenase expression.
As the collagenases localise to the stroma, changes in levels with tumour grade may be related to differences in stromal development. This explanation is, however, unlikely for two reasons. First, we find not only a change in level of 92 kDa collagenase, but also a higher proportion of grade III tumours expressing the enzyme; and second, we find a significant increase in the ratio of active to total 72 kDa enzyme with increasing tumour grade although the total amount of enzyme is not increased.
The relationship between type IV collagenase expression and tumour grade may partly explain the relationship between tumour grade and behaviour since basement membrane degradation is a prerequisite for invasion and metastasis. Inhibitors of Type IV collagenase activity could, therefore, find a role in the management of breast cancer and clinical studies are indicated.
